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(54) Septicemia prevention and treatment system 

(57) A method and apparatus for preventing and 
treating septicemia in patient blood. The extracorporeal 
system includes an anti -microbial device to kill at least 
99% of bloodborne microorganisms, a hemoconcentra- 
tor/filtration unit to remove approximately 90% of target 
molecules from the patient blood and a filter unit to 
remove target molecules from patient blood from the 
sieved plasma filtrate. Target molecules are produced 
by microorganisms as well as the patient's cells and 
include endotoxins from gram negative bacteria, exotox- 
ins from gram negative and gram positive bacteria, as 
well as RAP protein mediator from Staphylococcus 
aureus, and cell mediators such as tumor necrosis fac- 
tor-alpha, and interleukin 1-beta, complement proteins 
C3a and C5a, and brandykinin. 
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BACKGROUND 

tion. The greatest .ncreases were seen in patients at least w years nationally. The 

matelv 200 000-300,000 cases of septicemia as of 1992, and was the 13th leading 

products and other target molecules, with molecular weights, are shown in Table 1 . 

Table 1 





Selected Target Molecules of Concern in Septicemia and Poten- 
tially Removed by SPATS 


30 


Molecule 


Molecular Weight - Kilo- 
Daltons (kD) 




Endotoxins (gram negative bacteria) 


10-40 




Tumor Necrosis Factor, alpha(TNF-a) 


17-51 


35 


Interleukin 1, fc>efa(lL1-p) 


17 




Exotoxins (gram positive and gram neg- 
ative bacteria 




40 


gram+ (Diphtheria) 


65 




gram- (Cholera) 


82 




RAP protein (Staphylococcus aureus) 


50 




Complement 3a and 5a 


9-11 


45 


Bradykinin 


1 
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in patients undergoing coronary bypass, dialysis, and probably other conditions. SPATS can also be used to treat sep- 
ticemia in patients undergoing such invasive procedures « us.ea ro ireai sep 

m lr trr^ e L b 'T )d J rradiati0n ( , UB,) * 0ri9ina " y the Knott technk > ue - has been ^ed in the United States since 
lint .1 ex * acor P oreal ,reatm ent of microbial infections. Over the years there have been scientific arau 
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[001 9] Since hemodilution has already occurred during cardiopulmonary bypass, the filter will function in an extracor- 
poreal circuit to remove inflammatory mediators caused by the cardiopulmonary bypass. Currently, special bonded cir- 
cuits as well as pharmaceutical products are used to reduce the effects described during extracorpreal c.rculat.on. 

5 BRIEF DESCRIPTION OF T HE DRAWINGS 
[0020] 

Figure 1 is a schematic representation of one embodiment of the system of the instant invention, i.e. direct appli- 
w cation to a patient not undergoing extracorporeal circulation. 

Figure 2 is a schematic representation of another embodiment of the system of the instant invention, i.e. its appli- 
cation within an extracorporeal circuit already serving as cardiopulmonary support for a patient. 
Figure 3 is a cross-sectional view of one embodiment of an ultra-violet irradiator used in the instant invention. 
Figure 4 is a cross-sectional view of another embodiment of an ultra-violet irradiator used in the instant invention 

is using a filming technique. 

Figure 5 is a partial cross-sectional view of one embodiment of a filter used in the instant invention to remove target 

molecules from urrtrafiltrate. 

Figure 6 is a partially broken away elevation view of a hemoconcentrator used in the instant invention. 
20 DESCRIPTION OF PREFE RRED EMBODIMENTS 

[0021] Referring now to Figure 1 . there is shown a schematic representation of the system of the instant invention, 
including several alternative configurations. The septicemia prevention and treatment system (SPATS) comprises a plu- 
rality of components, typically, connected by standard medical extracorporeal tubing and connectors. As such, the sys- 
25 tern may be attached to a patient via cannulation or it may be incorporated into extracorporeal circuitry already serving 
a patient such as in hemodialysis or cardiopulmonary bypass (see, for example, Figure 2) or hemodialysis. As repre- 
sented herein the SPATS component circuitry most resembles that of modern hemodialysis in terms of vascular 
access bypass mode (venovenous or arteriovenous). Wood flow rate, the use of a hemoconcentrator (a dev.ce con- 
structed in the fashion of a dialyzer). and duration of application. Therefore, some or all of the components described 

so herein could be incorporated into a hemodialysis system, as well. atlarnathiek 
[0022] As noted Figure 1 shows one embodiment of the system of the instant invention, including several alternative 
configurations. As in hemodialysis, blood from the patient 100 enters the SPATS tubing 151 via a suitable connector 
such as a venous cannula 101 of sufficient diameter to permit drainage flow of whole Wood up to about 300 ml/m.n. 
DouWe lumen cannulae that satisfy this requirement are available and. thus, permit return flow as well, for example, viz. 

35 tubing 107. as described hereinafter. This latter technique is not required, but has the advantage of reducing vascular 
access to a single site such as, but not limited to, a brachial vein. 

[00231 The patient's venous blood proceeds via polyvinyl chloride (PVC) or other suitable tubing to a pump 1 02. wh.ch 
can be a positive displacement or centrifugal pump, for example, which regulates flow at about 200-300 ml/mm. through 

40 [0024? * As shown in Figure 1 , blood from pump 102 passes through a polycatoonate "Y" connector 103B where the 
blood mixes with a suitable isotonic diluent, such as plasmalyte solution. A variety of such solutions, referred to as "crys- 
talloids", are available. The diluent is supplied from diluent source 1 1 3 which, typically, comprises a large capacity res- 
ervoir for storing an admixture of reclaimed (or converted) untrafiltrate. 

[0025] The diluent is delivered by pump 1 14 which can be a roller pump or the like at a flow rate wh.ch results in a 
45 hematocrit of about 10-20%. 

[0026] The diluted venous blood then passes through tubing to the bactericidal ultraviolet (UV) irrad.ation device 1 04 
(shown schematically in Figures 3 and 4). Controlled in-vitro experiments have demonstrated that UV irradiation is sub- 
stantially more effective as a bactericidal agent when whole blood (35-45% hematocrit) is diluted to a hematocrit of 
about 10-20% (see Table II). Furthermore, when diluted blood is presented to the hemoconcentrator 106, target mole- 
so cules are more effectively removed by sieving, as described infra. 
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Table II 



The influence of hematocrit on the percent reduc- 
tion of Staphylococcus aureus A.T.C.C 6538p. 


Hematocrit% 


Period of Treatment (minutes) 




60 


90 


120 




Percent Reduction 


0 


99.75 


99.97 


99.99 


20 


97.26 


99.44 


99.89 


38 




82 


86.2 


Whole Blood 




49.4 


66.9 



[0027] The above data represents testing performed with varying flow rates and various anticoagulants and prototype 
UV delivery systems in four (4) liters of animal blood treated with UVC at room temperature. The four (4) liter volume 

20 represents a mammal, including human, of approximately 123 pounds. 

[0028] The diluted blood leaves the UV device 1 04 and passes through tubing 1 05 and connector 1 55 to a hemocon- 
centrator 106 which has approximately 1 .2 to 2.4 m 2 exchange surface with pore size of about 60-95 kD. The hemocon- 
centrator 106 (described relative to Figure 1) is preferably oriented vertically in the SPATS so that blood flows from 
bottom to top. This arrangement aids in priming and debubbling the SPATS with crystalloid diluent before blood enters 

25 the circuit. In actual practice, positioning the hemoconcentrator 1 06 a few centimeters below the patient but as far above 
the floor of the treatment area as practicable provides the potential for maximal ultrafiltration flow by gravity drainage. 
[0029] The blood leaves the hemoconcentrator 1 06 at port 1 57 at a hematocrit approximating its entry into the SPATS 
and returns to the patient via tubing 107 and double lumen cannula 101 . 

[0030] The pressure across the hemoconcentrator 106 is monitored at sample ports and decreases about 70-100 
30 mmHg from inlet 155 port to outlet 157 port at a combined blood and diluent flow of 400-500 ml/min and blood hemat- 
ocrit of about 20%. At a constant flow rate, a decrease in hematocrit results in a lesser pressure drop and lower inlet 
pressure, while an increase in hematocrit results in a greater pressure drop and higher inlet pressure. Thus, changes 
in inlet pressure signal changes in hematocrit and on-line monitoring of pressure can aid a technician in regulating 
hematocrit. Additionally, hematocrit can be monitored by an in-line optical device or the like, if so desired. 
35 [0031 ] The material filtered from the blood is collected in a filtrate collection reservoir 109 via tubing 108 connected 
to the outlet port 1 58. The reservoir 109 is designed to be disposable in a preferred embodiment. 
[0032] Among other factors, the ultrafiltrate rate is dependent on membrane area, relative amount of diluent flow, i.e., 
hematocrit, and transmembrane pressure (TMP). In this system, the volume of ultrafiltrate realized is maximized if the 
collection reservoir 109 is placed a substantial distance below the hemoconcentrator 106 in the operating arena. Typi- 
40 cally, this distance is about two feet. This configuration increases the TMP because the increased negative (siphon) 
pressure results in increased untraf iltration rate. Ultraf iltrate collected from the hemoconcentrator 106 can be discarded 
(in an approved manner) or conserved within the SPATS. 

[0033] In an alternative system configuration, pump 1 1 0 (such as a roller pump or the like) propels the ultrafiltrate from 
reservoir 109 through a secondary circuit (shown in dashed lines). The secondary circuit or path operates independ- 

45 ently of the primary circuit and includes filter 111 which is, typically, constructed of several layers of positively-charged 
meltblown fabric. The filter 1 1 1 is designed for the removal of endotoxins containing protein and negatively charged 
lipopolysaccheride (LPS). That is, the filter fabric captures 94% of endotoxin LPS which is liberated from the cell wall of 
disrupted gram negative bacteria. In a preferred embodiment, the fabric is produced in a five-layer configuration. 
[0034] Other target molecules mainly pass through filter 111 and are removed by a hollow fiber membrane module 

so 112 with a porosity of about 1 0 kD, for example. Endotoxin, from the cell wall of Gram negative bacteria and containing 
protein and negatively-charged lipopolysaccharide (LPS), is 99% captured in filter 111. Thus, the majority of the smaller 
molecules pass through filter 1 1 1 and module 1 12 to the large-capacity diluent reservoir 1 13 where they mix with crys- 
talloid. Pump 1 14 propels the admixture of crystalloid and filtrate from the secondary circuit back to the primary circuit 
via Y-connector 103. Thus, smaller molecules can be conserved by passage thereof completely through the secondary 

55 circuit, while plasma proteins and other large molecules are conserved by retention thereof in the primary circuit at the 
hemoconcentrator. 

[0035] Pump flow is initially based on the hematocrit of the patient 100 and can be subsequently regulated with knowl- 
edge of hemoconcentrator inlet pressure as determined by inlet port 155. That is, port 155 may include a stopcock for 
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monitoring the inlet pressure and/or for sampling of the fluid. Connection of the components in the secondary circuit is 
by tubing. Components 111 and 112 may be physically incorporated into diluent reservoir 113, thereby eliminating 
some connecting tubing and, thereby simplifying supplying the circuit. 

[0036] An on-line optical sensor for the purpose of monitoring hematocrit during hemodialysis has been reported by 
s Jabara and Murta (1 995) In this arrangement, electrical feedback control from such a sensor to pump 114 would elim- 
inate the need for manual control at this point of the system. 

[0037] In one embodiment, a single pump 102, positioned as shown, regulates patient blood and diluent flows. Either 
a pump with the capability of dual raceway control or a traditional single raceway pump coupled with thumb screw con- 
trol of diluent flow can be used. In the latter case, the pump flow would be regulated at 400-500 ml/min, accounting for 
io the combined flows from the patient 100 and the diluent reservoir 1 13. 

[0038] In the first embodiment, the secondary circuit, shown in dashed outline, is eliminated and the ultrafiltrate from 
the hemoconcentrator 106 is collected in reservoir 109 and discarded. The diluent source 113 remains, however. This 
version is likely to be deployed in the case where supplementing important small molecules is more cost effective than 
conserving them. 

is [0039] The rate of pump 110 can be regulated via feedback from a negative pressure controller 109A established on 
the reservoir 109. This eliminates the need for human operation of pump 110. 

[0040] In Figure 2, the SPATS is shown in a cardiopulmonary bypass (i.e. open heart blood- oxygenator) circuit. In 
this embodiment, the blood of the patient has already been diluted to a hematocrit of 20-25%. Thus, blood from the 
patient 200 drains via connecting tubing to a venous reservoir 216 from which pump 217 supplies the blood to a mem- 
20 brane oxygenator 21 8 where it is arterialized (i.e. oxygenated). The oxygenated blood is passed through an arterial filter 
219 from which most of the arterialized blood is returned to the patient via tubing 210. 

[0041 ] However, arterialized blood which is to be processed by the SPATS is shunted via purge line 220 from the arte- 
rial filter 219 to the cardiotomy reservoir 215 via a one-way valve 202. The shunt flow range is 300-400 ml/min under 
the usual total CPB total flow of 4-6 liters per minute. 
25 [0042] Ultrafiltrate may be pumped and regulated with a negative pressure feedback controller through the target mol- 
ecule removal system including UV source 204 and hemoconcentrator 206 into the same cardiotomy reservoir 215 via 
another inlet. Blood and/or ultrafiltrate collecting in the reservoir 21 5 is conveyed to the venous reservoir completing the 
cardiopulmonary bypass circuit (CPB). 

[0043] As an alternative, 20-25% hematocrit blood could be diluted to 10-15% hematocrit using diluent available to 

30 CPB bypass in the fashion described previously. The ultrafiltrate is collected in reservoir 209 from which it is pumped 
through filters 21 1 and 21 2 by pump 21 0 for removal of target molecules. This operation makes the bactericidal effects 
of UV device 204 and the sieving of target molecules through the hemoconcentrator 206 even more effective. This 
approach has the benefit of potentially shortening the duration of treatment. In either case, blood passes through the 
primary SPATS circuit, consisting of U V irradiator 204 and hemoconcentrator 206. 

35 [0044] Ultrafiltration occurs in the hemoconcentrator 206 at the pressure drop previously indicated much as it does in 
the glomerular units of the natural kidney. However, the natural kidney prevents the passage of the small and plentiful 
plasma protein albumin (67-69 kD molecular weight) and permits occasional passage of free plasma hemoglobin (64 
kD molecular weight), thereby demonstrating a sharp cutoff at a molecular weight of about 65 kD. The hemoconcentra- 
tor 206, with 60-95 kD porosity, is relatively effective at prohibiting passage of plasma proteins (<5% of plasma albumin, 

40 <2% of plasma globulin sieved) while permitting sufficient passage of electrolytes, BUN, and glucose to insure normal 
plasma osmolality. Larger molecules such as cholesterol and creatinine are incompletely sieved (25-95% of plasma 
concentrations). Permeability of target molecules TNF, IL-1B and LPS are about 100% (appearing in the ultrafiltrate in 
concentrations equivalent to plasma) in this system; IL-2, although about the same molecular weight as IL-1B (i.e. 17 
kD), is almost entirely retained in the blood (primary circuit), thereby reminding that factors other than simple molecular 

45 weight are important. Thus TNFa, IL-1 p and LPS have a high percentage potential for removal by this system. 

[0045] Referring now to Figure 3. there is shown a cross-sectional view of one embodiment of a UV irradiator 300 
used in the instant invention. The irradiator 300 includes an outer cylinder 312 which is, typically, molded or otherwise 
formed of polycarbonate or similar material. The cylinder 312 is, typically, open at end 31 2A and substantially closed at 
end 312B with a small inlet 301 therethrough. In one embodiment, the cylinder 312 (including the inlet 301) is approxi- 

50 mately 1 8 to 20 inches long and about 1 inch inside diameter. The inlet 301 is about 3/1 6 inch inside diameter and about 
1/2 inch long or any suitable length for secure connection to the tubing described supra. 

[0046] The irradiator 300 includes a conventional ultra-violet light source 306 with a radiation wavelength of 254 nm 
although other suitable sources can be utilized. The UV source 306 is connected to a suitable power source via con- 
nector 311. The UV source 306 is enclosed within a quartz tube 305 which is doped with cesium or any other suitable 
55 material which blocks ozone producing wavelengths. 

[0047] The UV assembly, including quartz tube 305, is mounted within hollow, open-ended quartz tube 304 which is 
transparent to UV light. As will be seen, the tube 304 protects the UV light source 306 and the protective tube 305 there- 
fore. The tube 304 is a part of the disposable portion of the irradiator 300. 
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J'SULiSS K 3 ! 2 ' ° f pol >' carbonate is s «"<* tightly to the upper end of quart tube 304 and establishes 

a chamber 303 between the top cap 302 and the inner surface of the upper end of cylinder 312 An annuSS™ 

" sll^Z^X: T ^ S f Ur6ly P ° Siti0nS *» UV —«y (source 306^" be 305 SEES? 

prov.de a secure connection to tubing as described supra, emends outwardly Lbe W s^^£T *° 
[0050] In a preferred embodiment, the outer surface of cylinder 304 and the inner surface of cySr 31 2 Le Lced 

[0052] Inasmuch as the liv assembly is sealed from the blood flow by bushing 311 and seal 315 as noted th« I iv 
,5 SS b,y R ;r' Ud ' n9 ^ S r C6 306 • " r6USable « Wto the ° ther — Ponents including *be 3o 4 are S££T 

SSSLS^S n S:i 4 ; I"" 6 S Sh n n 3 "-"a*- "~ - -other embodiment ell2ES£r. viz 
uv .rraoiator 400. used in the instant inventron. Once again, as in Figure 3. a UV lam D 406 aDDroximateiv 1«» i«™ \ J. 
ates at about 254 nm radially through a doped quartz jacket 405 ^prevent ozon ^S^S^S^^ 
rays emanate through a 1/2" to 1" diameter quartz tube 405 which is transparent to UVC ( e toe S UvSL^ a ^ 

Sr 4 i n 8 n^si 4 ? 1 ^ inte9rai wim top 417 and fiows amund ^ «*■ 

uivener «i 0 aiso disperses the blood evenly through a small chamber 403 formed bv diverter 41A an rt t™ ron 
^us Hood the* ems through outlet port 41 0 under pressure from an eternal pump In the system as described 

E, ^'T 9 "° W ,0 R9Ure 5 ' th6re iS Sh ° wn a partial,y broken awa * Partially cross-sectional view of a filter 500 
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is 20 grams/square meter although this number of layers is not intended to be limitative. The filter area should be suffi- 
^S^SZob the filtrate' low rate. Ideally, a filter with a minimum area of 27 square mches « select** 

filter media and fight for sites on the media Jiber* hemoconcentrator 600 

estimated that the pore size is reduced ^J^^^^^^^ sufficient area to reconstitute 

35 claims. 

qi IMMARY OF THE INVENTION 

[0067] 

1 . A blood treatment system including, 

a UV device connected to receive and irradiate blood from a source, 
a concentrator device connected to receive blood from said UV device, and 
a diluent source for supplying a diluent to the blood to be supplied to sa.d UV dev.ce. 

2. The system including, ^ 
at least one pump for moving said blood through the system. 

3. The system including, 
a return device for returning blood from said concentrator and filter device to a patient. 

55 4. The system wherein, 

said concentrator and said filter device is a unitary device. 
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5. The system including, 

a recycle path for passing said blood from said concentrator and filter device to said diluent source. 

6. An ultraviolet (UV) irratiator device comprising, 

a UV light source, 

a fluid chamber surrounding said UV light source, 

said chamber confining said fluid to a thin film for exposure to said UV light source. 

7. A filter comprising, 

a housing, and 

an electrostatic filter mounted in said housing. 

8. A hemoconcentrator comprising, 

a hollow cylinder, and 

a central core formed of hollow fibers disposed within said hollow cylinder. 



9. The system including, 

a filter device connected intermediate said UV device and said concentrator device. 
25 10. The system including, 

a filter device connected to receive blood from said concentrator device. 

1 1 . The system including, 
a pump device for pumping blood through said system. 

12. The system including, 

a primary blood path for passing blood from said concentrator device to a source of blood. 

13. The system including, 
a secondary blood path for passing blood through a secondary treatment path. 

14. The system including, 

a membrane module connected in said secondary blood path. 
<s 15. The system wherein, 

said diluent comprises a crystalloid. 

Claims 

1 . A blood treatment system including, 

a UV device connected to receive and irradiate blood from a source, 
a concentrator device connected to receive blood from said UV device, and 
a diluent source for supplying a diluent to the blood to be supplied to said UV device. 

2. The system recited in Claim 1 including, 
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at least one pump for moving said blood through the system. 

3. The system recited in claim 1 including, 

a return device for returning blood from said concentrator and filter device to a patient. 

4. The system recited in claim 1 wherein, 

said concentrator and said filter device is a unitary device. 

5. The system recited in claim 1 including, 

a recycle path for passing said blood from said concentrator and filter device to said diluent i 

6. An ultraviolet (UV) irratiator device comprising, 

a UV light source, 

a fluid chamber surrounding said UV light source, 

said chamber confining said fluid to a thin film for exposure to said UV light source. 

7. A filter comprising, 

a housing, and 

an electrostatic filter mounted in said housing. 

8. A hemoconcentrator comprising, 

a hollow cylinder, and 

a central core formed of hollow fibers disposed within said hollow cylinder. 

9. The system recited in any of the preceding claims including, 

a filter device connected intermediate said UV device and said concentrator device, 
and/or further preferably including, 

a filter device connected to receive blood from said concentrator device, 
and/or further preferably including, 
a pump device for pumping blood through said system, 
and/or further preferably including. 

a primary blood path for passing blood from said concentrator device to a source of blood, 
and/or further preferably including, 

a secondary blood path lor passing blood through a secondary treatment path, 
and/or further preferably including, 

a membrane module connected in said secondary blood path, 
and/or wherein Preferably 
said diluent comprises a crystalloid. 

10. A blood treatment system including, 

a UV device connected to receive and irradiate blood from a source, and 
a concentrator device connected to receive blood from said UV device, 
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Fig. 1 
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(54) Septicemia prevention and treatment system 



(57) A method and apparatus for preventing and 
treating septicemia in patient blood. The extracorporeal 
system includes an anti-microbial device to kill at least 
99% of bloodborne microorganisms, a hemoconcentra- 
tor/filtration unit to remove approximately 90% of target 
molecules from the patient blood and a filter unit to 
remove target molecules from patient blood from the 
sieved plasma filtrate. Target molecules are produced 
by microorganisms as well as the patient's cells and 
include endotoxins from gram negative bacteria, exotox- 
ins from gram negative and gram positive bacteria, as 
well as RAP protein mediator from Staphylococcus 
aureus, and cell mediators such as tumor necrosis fac- 
tor-alpha, and interleukin 1-beta, complement proteins 
C3a and C5a, and brandykinin. 
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